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Abstract
Background: The issue under debate is whether laparoscopic liver resections for malignant tumours
produce outcomes which are comparable with conventional, open liver resections.
Methods: Literature review on liver resection and laparoscopy.
Results: There are no randomized controlled trials (RCTs) published that provide any evidence for the
benefits of laparoscopic liver resections for liver tumours. In case–control series reporting short-term
outcomes, laparoscopic liver resection has been shown to have the advantage of a reduced length of
hospital stay. There are as yet, however, no adequate long-term survival studies demonstrating that
laparoscopic liver resection is oncologically equivalent to open resection.
Discussion: The challenge for the near future is to test the oncological integrity of laparoscopic liver
resection in controlled trials in the same way that we have learned from the RCTs carried out in
laparoscopic resection for colorectal cancer. It is likely that laparoscopic liver resection will then have to
compete with fast-track, open liver resection. Already, concerns have been raised regarding the learning
curve required to master the techniques of laparoscopic liver resection.
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Introduction
It is not surprising that the potential benefits of laparoscopic
procedures have been explored in liver resection in the same way
as has been witnessed in other areas of gastro-intestinal surgery.
From the early 1990s, there has been a progression from laparo-
scopic fenestration for liver cysts, laparoscopic biopsies to wedge
resections followed by segmental resections and ultimately, to
anatomical resections such as standard and extended hemihepa-
tectomies. Initially, the laparoscopic approach was limited to exci-
sion of superficially or peripherally located benign tumours but in
recent years, laparoscopic resections have been used increasingly
for malignant tumours at various locations within the liver. The
challenge lies now as to whether laparoscopic liver resections for
malignant tumours can be undertaken in accordance with the
oncological principles of tumour resection. Concerns are related
to the risks of tumour dissemination from pneumoperitoneum,
from inadequate surgical margins and from the need for addi-
tional incisions to remove large specimens.1 The current debate
around this issue is brief because there are no controlled trials
comparing outcomes of laparoscopic and open liver resections for
malignant tumours. Nevertheless, some conclusions and critical
remarks on the use of laparoscopic liver resection for malignant
tumours can be made.
Lessons learned from laparoscopic resection
for colorectal cancer
After the introduction of laparoscopic cholecystectomy in the late
1980s, the colon was one of the next organs for which laparoscopic
procedures were explored. Although there was considerable skep-
ticism, expectations were high that laparoscopic colon resection
would prove itself and that many of the potential expected advan-
tages would be demonstrated, such as less pain, better pulmonary
function, a shorter time for return of bowel function and
decreased post-operative hospital stay. Interestingly, with in-
creasing experience in laparoscopic colon resections for benign
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conditions, a discussion similar to the current one for liver
tumours arose some 10–15 years ago with arguments as to
whether a laparoscopic approach was justified for colon and rectal
carcinomas. In the mid-1990s, the first randomized controlled
trials (RCTs) concluded that laparoscopic surgery for colon cancer
provided the benefits of a shorter hospital stay, earlier mobiliza-
tion and quicker functional recovery but initially, with no differ-
ences in incisional hernia and adhesion rates.2 A substantial
number of subsequent RCTs have shown similar survival rates,
leading now to wide acceptance of laparoscopic resection for
malignant colorectal tumours. Two recent reviews from the
Cochrane Collaboration have shown clinically relevant advan-
tages in the short term for laparoscopic resection of colorectal
tumours as compared with conventional resection, and in the long
term, no differences in recurrence or survival.3,4 These reports
conclude by supporting the laparoscopic approach in patients
who are able to undergo this procedure. Remarkably, despite these
conclusions, only 10% of all colorectal tumours to date are
removed laparoscopically.5
In most recent years, natural orifice transluminal endoscopic
surgery (NOTES) has emerged as a novel minimally invasive
mode of resecting the colon and rectum. The discussion has
already started that if NOTES for colon carcinoma is justified, the
next question is whether a liver metastasis can be removed by this
route as well.6 Hence, although the first report of laparoscopic
liver surgery dates from 1995,7 this approach has been slow to
follow laparoscopic resection of colorectal tumours suggesting
that liver resection for tumours is the last frontier in laparoscopic
surgery. One of the reasons may be that it takes a good liver
surgeon and extensive experience in laparoscopic techniques to
perform a safe laparoscopic liver resection, apparently an infre-
quent combination which is burdened by long learning curves.
What evidence is there that laparoscopic liver
resection for malignant tumours is better than
or equivalent to open surgery?
Although 33 RCTs have been identified for laparoscopic resection
of colorectal cancer,4 no prospective randomized trials have yet
been published comparing open and laparoscopic liver resections
for neoplasia. Most studies comprise case series and deal with
short-term outcomes. The best evidence to date of mid-term out-
comes include a number of systematic reviews of studies of
laparoscopic liver resection for both benign and malignant
tumours,8–14 case–control studies15–17 and a meta-analysis.18
However, when dealing with cancer treatment, the single most
important outcome parameter is survival or disease-free survival
whereas secondary outcome parameters include procedure-
related morbidity, post-operative pain, early mobilization, early
resumption of oral intake, adhesions, incisional hernia, length of
hospital stay and quality of life. Overall, the data suggest that
patients undergoing laparoscopic liver resection show earlier
recovery and shorter duration of hospital stay. The only meta-
analysis, published by Simillis et al.,18 compared laparoscopic
(n = 165) and open liver resection (n = 244) for both benign and
malignant tumours. No significant differences were found
between the two groups with respect to operative time, adequate
margin status and post-operative complications, whereas blood
loss, time to oral intake and length of hospital stay were less in the
laparoscopic group. No evidence was reported for laparoscopy
associated carcinomatosis or port-site recurrence, and disease-free
survival was comparable in both groups. Overall, however, the
existing survival studies are criticized by the small number of
patients included, the relatively short follow-up times and the
retrospective analysis of the control groups.
Laurence et al.10 performed a systematic review of 28 case series
encompassing 703 patients who had undergone laparoscopic liver
resection. The great majority of resections performed were small
procedures, with only 3.7% formal right hemihepatectomies. This
is not representative of current practice as most patients would
require large or complex liver resections for neoplasia. None of the
studies showed a reduction in morbidity or mortality and median
length of hospital stay was 7.8 days (2–15.3 days).
Laparoscopic versus fast-track open surgery
for liver tumours
In colorectal surgery, laparoscopic resection is being challenged in
recent years by open resection in the setting of fast-track rehabili-
tation.19 A recent RCT showed no significant differences in mor-
bidity, mortality and readmission rates between patients who
had undergone laparoscopic colon resection or fast-track, open
surgery, whereas in both groups,median hospital stay was 2 days.20
In a collaborative study of liver units in Maastricht (The Nether-
lands), Edinburgh (UK) and Tromso (Norway), application of a
fast-track protocol in patients undergoing open liver resection
demonstrated that the same concept resulted in faster post-
operative recovery and reduced hospital stay in these patients as
well.21 In this study, in which more than half of the patients had
major liver resections (three or more Couinaud liver segments),
the median hospital stay was 6.0 days, including all readmissions.
This figure compares favourably with the 7.8 days reported after
laparoscopic liver resection in the systematic review mentioned
above.10
How steep is the learning curve for
laparoscopic liver resection?
Laparoscopic liver resection is technically demanding and obvi-
ously requires expertise in conventional, open liver surgery as well
as in advanced laparoscopic techniques. Although the feasibility
and safety of laparoscopic liver resection have been confirmed by
various reports, the technique has not been widely taken up by
liver surgeons to date. Only a few centres have taken the lead in
this field and are providing data on which world experience is
based.
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Tumours which are located superficially or peripherally requir-
ing limited resection are most amenable to laparoscopic excision.
Similarly, tumours in the left lateral segments or anterior and
posterior liver segments (segments 4b, 5 and 6) are suitable for
laparoscopic resection as the right liver need not be mobilized.
However, tumours located in the posterior and superior segments
of the liver (segments 7, 8, 4a and 1) require full mobilization of
the liver and are more difficult to resect laparoscopically.11 The
same holds true for central tumours and tumours involving the
liver hilum. Clearly, the discussion on laparoscopic liver resection
focuses on these tumours for which extensive or complex resec-
tions need to be performed.
Several centres have shown excellent results of laparoscopic
liver resection including major resections.13,15,21 These centres have
had a long tradition in liver surgery and have shown a strong
commitment to minimally invasive procedures in the past decade.
In this environment, the best outcomes are obtained and the best
opportunities for training can be offered to guide surgeons
through the learning curve of laparoscopic liver resection. In the
meta-analysis mentioned above, it was shown that only studies
published since 2003 or studies reporting on 20 or more laparo-
scopic procedures, achieved the benefits of a significant reduction
in operative blood loss, shorter hospital stay and decrease in com-
plications as compared with open resection.18 To reiterate the
analogy with laparoscopic colon resection, in the CLASSICC trial
comparing laparoscopic and open resection for colorectal carci-
noma, the conversion rate in the first year of the trial was 38%
(1996) whereas only after 6 years, had the conversion rate
decreased to 16% (2002). Conversion was associated with a higher
complication rate.2 How long then will it take to train surgeons in
order that the techniques of laparoscopic liver resection are mas-
tered and complex laparoscopic liver resections may be under-
taken safely?
Concluding remarks
In the absence of large RCTs comparing laparoscopic and open
liver resection for liver tumours, we presently rely on reviews and
case series which are consequently biased by variability in patient
selection and in indication for surgery. The most apparent advan-
tages of laparoscopic liver resection are reduced operative blood
loss and reduced length of hospital stay. Although several studies
showed no differences in morbidity and mortality between lap-
aroscopic and open liver resection, the key question is whether the
benefits of laparoscopic liver resection are achieved at the cost of
oncological outcome in patients with malignant tumours. Until
now, there have been no adequate, long-term survival studies
providing evidence that the same results may be achieved with
laparoscopic liver resections as with open surgery. There clearly is
a need for RCTs in this field, and this should be feasible given that
which has been demonstrated by over 30 RCTs for colorectal
cancer in the past 15 years, comparing the laparoscopic and open
approach. The contention that patients will not take part in these
trials because they would prefer the laparoscopic approach is by
no means a reason not to engage in these trials. Now that fast-
track, open surgery has come of age, the equation may not be that
laparoscopic liver resection is equivalent to open surgery, but that
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